ENHANCEMENT  OF  VIDEO  IMAGERY 
BY  MODIFIED  INTENSITY-DEPENDENT 
SPATIAL  SUMMATION 


Phillip  G.  Hamden 
Frank  F.  Holly 
Dale  R.  Shires 
Salvatore  P.  Schipani 
C.  Alec  Chang 


July  1992 

AMCMS  Code  611 102.74A001 1 


Approved  for  public  release; 
distribution  is  unlimited. 


9236801 


U.S.  ARMY  HUMAN  ENGINEERING  LABORATORY 
Aberdeen  Proving  Ground,  Maryland 


Destroy  this  report  when  no  longer  needed. 

Do  not  return  it  to  the  originator. 

The  findings  of  this  report  are  not  to  be  construed  as  an  official  Department 
of  the  Army  position  unless  so  designated  by  other  authorized  documents. 

Use  of  trade  names  in  this  report  does  not  constitute  an  official  endorsement 
or  approval  of  the  use  of  such  commercial  products. 


UNCLASSIFIED 


SECURITY  CUSSIFICATION  OF  THIS  PAGE 


REPORT  DOCUMENTATION  PAGE 


lb.  RESTRICTIVE  MARKINGS 


Form  Approved 
OMBNo.  0704^188 


la.  REPORT  SECURITY  CLASSIFICATION 
Unclassified 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  OECLASSIFICATION/DOWNGRAOING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 
Technical  Note  9-92 


6a.  NAME  OF  PERFORMING  ORGANIZATION 
Human  Engineering  Laboratory 


6c.  ADDRESS  (City.  Slate,  and  ZIP  Code) 


3.  DISTRIBUTION/A VAILABIUTY  OF  REPORT 

Approved  for  public  release; 
distribution  unlimited. 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6b.  OFFICE  SYMBOL  7a.  NAME  OF  MONITORING  ORGANIZATION 
(U  applicable) 

SLCHE 


7b.  ADDRESS  (City.  State,  and  ZIP  Code) 


Aberdeen  Proving  Ground,  MO  21005-5001 


ORGANIZATION 


8c.  ADDRESS  (City.  Stale,  and  ZIP  Code) 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM  I  PROJECT  I  TASK  WORK  UNIT 

ELEMENT  NO.  I  NO.  I  NO.  ACCESSION  NO. 

61102  |lL161102B747J 


1 1 .  TITLE  {Indude  Security  Classilicalion) 

Enhancement  of  Video  Imagery  by  Modified  Intensity-dependent  Spatial  Summation 


12.  PERSONAL  AUTHOR(S) 

Hamden,  Phillip  G.;  Holly,  Frank  F.;  Shires,  Dale  R.;  Schipani,  Salvatore  P.;  Chang,  C.  Alec 


14.  DATE  OF  REPORT  (Year,  Month.  Day)  1 1 5.  PAGE  COUNT 


13b.  TIME  COVERED 


1992  July 


16.  SUPPLEMENTARY  NOTATION 


GROUP 


01 


07 


17.  COSATI  COOES  1 18.  SUBJECT  J£nAS  (Continue  on  reverae  d  neceasary  and  identify  by  block  number) 

SUB-GROUP  I  processing  contrast  enhancement 

'  video  image  processing  image  enhancement 

digital  image  processing  image  restoration 

on  reverse)  I  video  image  enhancement 


1 9.  ABSTRACT  (Continue  on  reverae  4  neceaaary  and  identify  by  block  number) 

A  contrast-enhancement  algorithm  is  described  which  avoids  the  "flat,"  noisy  appearance 
often  produced  by  histogram  equalization.  This  algorithm  is  based  on  the  intensity-dependent 
spatial  summation  (IDS)  model  purported  by  Cornsweet  and  Yellott.  The  model's  initial  intent 
was  to  demonstrate  its  ability  to  replicate  certain  effects  in  human  vision.  its 
implementation  as  an  image -enhancement  routine  has  predominantly  emphasized  its  ability  to 
enhance  edges  in  imagery.  The  model  has  been  modified  to  produce  enhancement  not  only  at 
edges  but  throughout  the  entire  image  profile.  As  a  comparison  to  histogram  equalization, 
which  collapses  some  quantization  levels  in  the  process  of  expanding  others,  the  algorithm 
largely  preserves  the  original  brightness  gradations  as  it  expands  them.  Thus,  the 
shape-from-shading  cues  so  important  to  the  perception  of  form  and  contour  are  preserved. 
Also,  this  technique,  in  most  cases,  enhances  high  frequency  noise  to  a  far  lesser  extent  than 
does  histogram  equalization. 


20.  DISTRIBUTION/AVAILABILITY  OF  ABSTRACT 
□  UNCLASSIF1EDAJNLIMITED  B  SAME  AS  RPT.  □  DTIC  USERS 

21.  ABSTRACT  SECURITY  CLASSIFICATION 

Unclassified 

22.  NAME  OF  RESPONSIBLE  INDIVIDUAL 

Technical  Reports  Office 

22b.  TELEPHONE  (Indude  Area  Code) 

(410)  278-4478 

22c.  OFFICE  SYMBOL 

SLCHE-SS-TSB 

OD  Form  1473,  JUN  86 


Previous  editions  are  obsolete. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 

UNaASSIFIED 


17 


Cosati  Codes  (continued) 


09  05 

12  07 

14  04 

17  04 

17  05 

20  06 

23  01 


04 


AMCMS  Code  611 102.74A001 1 


Technical  Note  9-92 


ENHANCEMENT  OF  VIDEO  IMAGERY 
BY  MODIFIED  INTENSITY-DEPENDENT 
SPATIAL  SUMMATION 


Phillip  G.  Hamden 
Frank  F.  Holly 
Dale  R.  Shires 
Salvatore  P.  Schipani 
C.  Alec  Chang 


July  1992 


'tcctMslaa  tor 

ed 

■'  4.  ’  i  A  t  i  oo. 


r.l  itr'bMtIfcn/ 
-v-ill.iblllty  Codes 
11  ind/or 

'  ifil 

^-\  i 


APPROVED 


:  ii[,  - 


CHARLES  M.  SHOEMAKER 


Acting  Director 

Human  Engineering  Laboratory 


Approved  for  public  release; 
distribution  is  unlimited. 


U.S.  ARMY  HUMAN  ENGINEERING  LABORATORY 
Aberdeen  Proving  Ground,  Maryland  21005-5001 


□  □ 


ACKNOWLEDGMENT 


The  authors  would  like  to  express  their  appreciation  to  Ms.  Ellie 
Kurasch  of  Odetics  Corporation  for  bringing  the  intensity-dependent  spatial 
summation  model  of  Cornsweet  and  Yellott  to  their  attention. 


CONTENTS 


INTRODUCTION  .  3 

INTENSITY-DEPENDENT  SPATIAL  SUMMATION  .  3 

SPATIAL  CONTRAST  ENHANCEMENT  .  6 

RESULTS  .  8 

CONCLUSIONS  .  11 

REFERENCES  .  13 

FIGURES 

1.  Schematic  Drawing  of  the  IDS  Model  . .  4 

2.  Three-Dimensional  Perspective  of  the  Gaussian 

Point-Spread  Function  .  5 

3.  Example  of  Edge  Enhancement  by  IDS  (a)  Original  Image, 

(b)  Result  of  IDS  Processing  .  5 

4.  Exanple  of  IDS  Processed  Digital  Image  (a)  Original 

Image,  (b)  IDS  Processed  Image  with  T=l/8  .  6 

5.  Effects  of  Modified  IDS  Process  (a)  Original  Image, 

(b)  Modified  IDS  with  A=4,  Bi-.73,  B2=.46,  0=8,  and  r=l/16  .  8 

6.  Kaitlin  and  Emily,  (a)  Original  Image,  (b)  Histogram 
Equalization,  (c)  Brightening  with  A=3,  and  (d)  SCE 

Processed  Image  with  A-3,  Bi=l,  B2"l,  0*8,  and  T*l/16  .  9 

7 .  Processed  Images  of  Kaitlin  and  Emily  Containing  High- 
Frequency  Gaussian  Noise (a)  Original  Image  Plus  Noise, 

(b)  Histogram  Equalization,  (c)  Brightening  with  A-3, 
and  (d)  SCE  Processed  Image  with  A-3,  Bi-1,  B2*l,  0=6, 

and  r*l/16  .  10 

8 .  Exan^le  of  Image  Enhancement  (a)  Image  Enhanced  by 
Histograun  Equalization,  (b)  SCE  Processed  Image  with 

A-2,  Bi-1,  B2-.67,  B3-.35,  0=6,  and  r=l/16  .  11 


1 


ENHANCEMENT  OF  VIDEO  IMAGERY  BY  MODIFIED  INTENSITY- 
DEPENDENT  SPATIAL  SUMMATION 


INTRODUCTION 

Cornsweet  and  Yellott  (1985)  proposed  a  model  of  retinal  functioning 
which  relates  output  to  input  by  means  of  a  variable  width  spread  function. 
They  theorized  that  an  excitatory  effect  is  induced  on  the  receiving  points  of 
the  retina  from  the  luminance  in  a  scene  and  that  this  excitation  is  not  self- 
contained  but  is  laterally  spread  to  neighboring  points .  The  resultant  output 
neural  image  is  resolved  by  a  cumulative  excitatory  process  stimulated  by  the 
intensity  of  the  input  retinal  image.  They  supported  their  proposition  by 
demonstrating  that  their  model  predicts  certain  well-known  visual  phenomena, 
such  as  Mach  bands  (edge  enhancement),  Ricco's  Law  (area  summation  effects  in 
detection  thresholds),  and  Weber's  Law  (threshold  proportionality  constancy). 

The  resultant  level  of  excitation  at  any  one  point  of  the  retina  is 
determined  by  the  summation  of  the  amount  of  direct  excitation  and  the 
contributory  amounts  from  neighboring  points.  It  is  assumed  that  for  each 
input  retinal  intensity  there  is  an  associated  point-spread  function  that  is 
nonlinear  and  strictly  positive.  For  each  input  retinal  image,  an  output 
image  is  produced  that  is  the  summation  of  the  point-spread  functions 
generated  from  each  input  point.  The  height  of  the  point-spread  function  is 
directly  proportional  lo  the  light  intensity  received,  and  the  volume  of  the 
point  spread  is  constant.  The  cumulative  process  is  referred  to  as  intensity- 
dependent  spatial  summation  (IDS) .  The  behavioral  characteristics  and 
assumptions  just  described  are  the  nucleus  of  the  restoration  algorithm.  In 
our  exposition  of  the  IDS  model  and  its  modification,  a  Gaussian  point-spread 
function  is  used  to  model  the  excitatory  behavior  previously  described  and  to 
demonstrate  its  ability  to  restore  degraded  digital  images. 


INTENSITY-DEPENDENT  SPATIAL  SUMMATION  (IDS) 

In  terms  of  digital  image  processing,  the  luminance  of  a  retinal  image 
can  be  conceived  as  the  gray  level  values  of  a  two-dimensional  matrix  of 
pixels . 

Let  I{x,y)  denote  the  input  image  intensity  or  gray  level  at  pixel 
(x,y).  0[  I(x,y)  ]  (p, g)  then  denotes  the  output  gray  level  value  of  pixel 

(p,  g)  corresponding  to  the  input  image  J(x,  y) .  The  basic  idea  of  the  model  is 
that  each  input  pixel  produces  a  nonnegative  point  spread  which  will  cross 
onto  neighboring  pixels.  The  size  of  the  spread  generated  will  depend  on  the 
gray  level  of  the  input  pixel.  From  this  point  spread,  a  contributory  gray 
level  value  will  be  made  to  neighboring  pixels,  the  amount  of  which  will 
depend  on  the  gray  level  of  r(x,  y)  and  the  distance  of  neighboring  pixels 
(p, g)  to  the  point  (x,y).  The  general  form  of  the  spread  function  S  that 
gives  the  contribution  of  I(x, y)  to  (p,  g)  is 

S{  (x,y) ,  (p,  g) ,  I)  . 

S  can  be  written  as  a  function  of  two  real  variables  by  the  following 
notation : 


S{[(x-p)2  +  (y-g)2],  j)  . 

The  output  image  is  the  summation  of  the  point-spread  functions  or 
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0[X(x,y)  ]  (p,q)’ 


Jx(x,y) -Si  J(x,y)  •  [  (x-p)2  +  (y-g)2]}  dxdy  (Eq. 


1) 


in  which 

X  -  intensity  or  gray  level, 

X  -  lateral  input  coordinate, 
y  >  vertical  input  coordinate, 
p  lateral  output  coordinate,  and 
q  -  vertical  output  coordinate. 

As  with  Cornsweet  and  Yellott,  5  is  the  Gaussian 
S(x2+y2)-<l/2n> -expc (-1/2) • (x2+y2) ] 

The  point  spread  around  any  input  pixel  (x,  y)  with  gray  level  value 
X(x,y)  becomes 

[X(x,y)/27l]  •exp{  (-1/2)  •X(x,y)  •  [  (x-p)  2+ (y-g)  2]  } , 

In  the  Gaussian  case,  X  in  the  domain  of  5  behaves  as  the  reciprocal  of 
the  variance.  Hence,  X  inside  of  S  controls  the  width  of  the  spread,  and  X 
outside  of  5  controls  the  height.  The  area  under  the  spread  remains  constant, 
as  the  height  and  width  of  the  spread  change  proportionally  to  the  intensity. 
Unlike  histogram  equalization,  which  is  sensitive  only  to  the  brightness 
domain,  IDS  has  a  spatial  conponent. 


It  is  assumed  that  5  is  nonnegative  and  that  5  is  spatially  homogeneous 
and  circularly  symmetric.  Figure  1  shows  a  two-dimensional  model  of  a 
Gaussian  point-spread  function. 
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The  top  of  the  Gaussian  curves  represents  the  initial  gray  level  for 
each  pixel  in  the  input  image.  The  points  of  intersection  below  each  pixel 
correspond  to  the  contribution  of  gray  level  from  neighboring  pixels.  The 
initial  gray  level  value  and  the  values  defined  at  the  points  of  intersection 
are  summed  to  produce  a  resultant  output  value  for  each  pixel  in  the  output 
image  profile.  As  shown  in  Figure  1,  the  output  image  profile  shows  a  gain  in 
contrast  at  the  location  where  a  gray  level  difference  occurs  in  the  input 
image . 

The  Gaussian  point-spread  function  will  result  in  a  three-dimensional 
circularly  symmetric  Gaussian  volume,  as  shown  in  Figure  2.  In  this  instance, 
the  portion  of  volume  area  resting  above  an  enclosed  pixel  will  be  used  to 
determine  the  amount  of  gray  level  contribution. 


Center  of  input  pixel 


Find  volume  area  above  each  pixel  to 
compute  graylevel  contribution  from  input 
pixel  to  ouput  pixels. 


Figure  2 .  Three-Dimensional  perspective  of  the  Gaussian 
point-spread  function. 

All  the  digital  images  presented  in  this  paper  are  quantized  into  256 
discrete  levels  of  gray.  Figure  3  shows  an  illustration  of  edge  enhancement 
of  a  simple  image  using  IDS. 


Figure  3.  Example  of  IDS  processing  (a)  original  image, 
(b)  IDS  result. 
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As  shown  in  Figure  3 (b) ,  the  edge  of  the  interior  box  of  the  image  is 
highlighted  by  the  IDS  model.  Also  note  as  the  edge  of  the  interior  box  is 
approached  from  the  left  (the  low  gray  level  side),  there  is  a  drop  in  the 
gray  level  values  at  the  pixels  just  left  of  the  edge.  This  result  occurs 
because  the  gray  levels  of  the  pixels  on  the  right  of  the  edge  are  generating 
narrower  spreads,  and  thus  contributing  less  gray  level  to  their  neighboring 
pixels  on  the  left  side.  Likewise,  this  behavior  works  in  the  opposite  manner 
moving  from  high  to  low  gray  levels.  The  result  is  a  slight  dark  and  light 
band  at  the  edge  of  the  interior  box.  The  width  of  the  bands  depends  on  the 
size  of  the  spreads  generated  for  the  input  gray  levels,  I(x, y). 

From  Cornsweet  and  Yellott,  the  width  of  the  Gaussian  function  is 
defined  in  the  interval  of  ±  3  standard  deviations,  as  related  to  retinal 
photoreceptor  width.  The  effective  width  of  the  Gaussian  point  spread  is 

given  as  6  /<-!  •  T,  where  T  equals  the  width  of  a  photoreceptor.  Using  a 
like  interpretation  for  a  digital  image,  T  becomes  the  width  of  an  image 
pixel.  As  an  example,  if  T  equals  the  value  1/8,  the  point  spread  would 
shrink  to  a  single  pixel  at  a  gray  level  of  2304.  Determining  the  appropriate 
T  for  the  resolution  and  gray  scale  of  the  digital  image  is  the  critical 
parameter  in  the  model's  ability  to  enhance  its  visual  features.  Figure  4 
shows  an  IDS  processed  digital  image  with  T  equal  to  1/8. 


Figure  4.  Exanqple  of  IDS  processing  of  a  digital  image  of  low  contrast 

and  low  brightness  (a)  original  image,  (b)  IDS  processed  image 
with  T-1/8. 


SPATIAL  CONTRAST  ENHANCEMENT  (SCE) 

It  is  apparent  from  Figure  4,  that  IDS  processing,  although  producing 
edge  enhancement,  loses  some  important  information.  To  enhance  edges,  IDS 
moves  the  gray  levels  of  the  output  image  toward  a  uniform  value,  except  at 
those  points  where  a  sharp  transition  in  gray  level  occur.  This  behavior 
produces  a  loss  in  brightness  gradations  (shape-f rom-shading  cues)  and  gives 
the  imagery  a  "flat"  appearance,  making  perception  of  form  and  depth 
difficult.  Furthermore,  incidental  to  edge  enhancement  is  the  occurrence  of 
blur.  Because  of  the  nature  of  the  Gaussian  model  and  the  summation  behavior 
of  IDS,  blurring  will  occur  ac  the  exact  locations  where  enhancement  occurs. 
The  amount  of  blurring  introduced  is  tied  to  the  size  of  the  point  spreads 
generated.  These  negative  side  effects  of  IDS  can  be  limited  by  restricting 
the  width  of  the  point-spread  function,  thereby  decreasing  blur  while 
preserving  brightness  gradations. 
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From  the  formulation  of  the  IDS  model  (Eq.  1) 


0[I(x,y)  ]  (p,  g) 


OO 

/•  OO 


jl{x,y)  •S{I(x,y)  •  ({x-p)2+(y-g) 


•]  ) 


dxdy 


we  introduce  three  multiplicative  parameters  in  the  foil  ,wing  manner 

0[X<x,y)]t_i]  (x,y)k- 


OO 

/•  OO 


A-  { 


J  (B;c-l-X(x,y)jt-i) 


St  (flk-l.  J(x,y))t_i)  .  [  (xk-i-xk)2+(yj^_l-y^)2j  j  (Eq.  2) 

in  which 

O  -  output  image; 

I  “  pixel  gray  level; 

A  =  gray  level  multiplier,  A  >=  1; 

B  -  fractional  gray  level  multiplier,  0  <  B  <=  1; 
k  -  processing  iteration  number,  initially,  k  =  1; 

S  »  the  Gaussian  spread  function; 

whose  effective  width  is  determined  by 

e/tVBjt-i-  (I  x,y  )k-l*  <T-C)  ) 
where 

T  -  the  width  of  an  image  pixel; 

C  *  multiplier  to  collapse  the  point-spread  range,  0=1; 

^k-2  “  horizontal  coordinate  of  the  center  of  the  input  pixel; 
yjk-J  ”  vertical  coordinate  of  the  center  of  the  input  pixel; 
xjt  =  horizontal  coordinate  of  the  center  of  the  output  pixel;  and 
Yk  “  vertical  coordinate  of  the  center  of  the  output  pixel. 

The  function  of  parameter  C  is  to  collapse  the  gray  level  range 
producing  point  spreads  that  impact  neighboring  pixels  (i.e.,  establishing  a 
gray  scale  window  for  IDS  processing) .  Parameter  B  proportionally  lowers  the 
gray  level  of  the  entire  input  image  into  the  allowable  processing  window  set 
by  C.  Parameter  A  elevates  the  gray  level  of  the  resultant  output  image 
proportionally  to  the  original  gray  scale. 

Additionally,  iteration  is  introduced  to  maximize  the  contrast 
enhancement  produced  during  processing.  In  this  case,  after  the  input  image 
data  have  been  scaled  to  meet  the  processing  criteria  established  by  C  and  the 
data  are  processed,  the  resultant  output  image  may  contain  pixel  values  that 
now  exceed  the  IDS  processing  window  defined  by  C.  The  resultant  output  data 
can  be  subsequently  '  owered  after  each  processing  pass  to  again  fit  the 
processing  window.  Multiple  processing  passes  are  achievable  until  the 
resultant  image  data  can  no  longer  be  pushed  into  the  IDS  processing  window  by 
parameter  3  without  losing  image  data  at  the  lower  boundary  of  the  processing 
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window  (l.e.,  gray  level  0).  At  this  point,  the  contrast  of  the  Image  has 
been  maximized  by  the  point-spread  function.  Parameter  A  Is  now  used  to 
elevate  the  gray  level  of  the  output  proportionally  to  the  original  gray 
scale. 


In  the  digital  processing  Implementation  of  the  IDS  model,  point  spreads 
of  at  least  two  pixels  In  width  are  required,  one  pixel  each  side  the  center 
of  the  Gaussian,  to  yield  neighboring  gray  level  contributions.  As  an 
exan^le,  with  T-1/16  and  06,  the  model  will  establish  an  IDS  processing 
window  (point  spreads  of  at  least  two  pixels  In  width)  between  the  gray  levels 
of  1  and  64.  (The  same  result  Is  achieved  If  T-6/16  and  C  Is  Ignored,  but  we 
choose  to  use  C  for  expository  reasons.)  Gray  level  values  above  64  will  not 
produce  a  spread  great  enough  to  Induce  gray  level  contributions  to 
neighboring  pixels.  Within  this  gray  level  range,  the  width  of  point  spreads 
generated  will  be  between  2  and  16  pixels.  Figure  5  Illustrates  the  effect  of 
these  additions  on  the  IDS  process. 


Figure  5.  Effects  of  modified  IDS  process  (a)  original  Image, 

(b)  modified  IDS  with  A-4,  Bi«*.73, 

B2".46,  C“8,  and  T^l/16. 

From  Figure  5,  it  is  evident  that  the  brightness-equalizing  mechanism  of 
IDS  Is  overcome  as  brightness  Information  is  preserved.  Also,  by  constraining 
the  size  of  the  point  spreads  generated,  the  Introduction  of  blur  Is  kept  to  a 
minimum.  Because  of  the  effectiveness  of  the  modified  IDS  model  to  maintain 
and  enhance  shape-from-shadlng  cues,  the  technique  has  been  named  spatial 
contrast  enhancement  (SCE) . 


RESULTS 

Figure  6  depicts  an  Input  Image,  the  application  of  SCE,  and  for  the 
sake  of  comparison,  the  application  of  histogram  equalization  and  the 
application  of  parameter  A  alone.  As  Figure  6  shows,  brightening  the  Image 
alone  produces  better  resolution,  but  the  SCE  technique  highlights  the 
features  of  the  face  (e.g.,  the  eyebrows,  the  cheek)  by  enhancing  shape-from- 
shadlng  cues.  On  the  other  hand,  histogram  equalization  gives  a  flat, 
formless  appearance  because  of  the  loss  of  quantization  levels . 
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Figure  6.  Kaitlin  and  Emily  (a)  original  image,  (b)  histogram  equalization, 
(c)  brightening  with  A-3,  and  (d)  SCE  processed  image  with 
A-3,  Si"!,  B2“lt  08,  and  01/16. 


Figure  7  depicts  the  saune  processing  techniques  after  the  addition  of 
high-frequency  Gaussian  noise  at  an  S/N  ratio  of  3  to  the  input  image.  The 
noise  is  much  more  apparent  in  the  image  processed  with  histogram  equalization 
than  the  one  processed  by  SCE. 
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Figure  7.  Processed  images  of  Kaitlin  and  Emily  containing  high-frequency 
Gaussian  noise  (a)  original  image  plus  noise,  (b)  histogram 
equalization,  (c)  brightening  with  A>3,  and  (d)  SCE 
processed  image  with  A-3,  Sx*l,  B2"l,  06,  and  01/16. 


And  lastly.  Figure  8  exhibits  resultant  images  processed  by  histogram 
equalization  and  SCE.  From  Figure  8,  it  is  not  readily  apparent  which 
processing  technique  derives  a  more  agreeable  visual  result.  Histogram 
equalization  does  seem  to  be  sufficient  when  shape-f rom-shading  cues  are  not 
consequential  to  the  visual  understanding  of  the  image  (i.e.,  three- 
dimensional  form  is  nonessential  to  perceptual  understanding) . 
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a. 


Figure  0.  Example  of  image  enhancement  (a)  image  enhanced  by  histogram 
equalization,  (b)  SCE  processed  image  with  A=2,  Si=l,  B2=.67, 
fl3“.35  ,  06,  and  01/16. 


CONCLUSIONS 

SCE,  a  modified  form  of  IDS,  is  generally  preferred  to  IDS  as  a 
contrast-enhancement  algorithm  because  of  its  ability  to  preserve  brightness 
gradations  and  minimize  blur.  However,  IDS  is  more  convenient  to  apply.  SCE 
currently  depends  on  subjective  interpretations  for  assigning  appropriate 
values  to  the  multiplicative  parameters  A  and  C,  the  choice  of  which  greatly 
affects  the  enhancement  capability  of  the  SCE  process. 

Although  SCE  produces  some  blur  when  compared  to  histogram  equalization 
or  brightening  alone,  in  some  applications,  this  effect  is  more  than  offset  by 
the  enhanced  perception  of  form  and  depth  which  it  precipitates. 
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